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Abstract 
The basic condition of the correct proposal for thickness of the protective layer is knowledge of the temperature resistance of the 
material from which it is established or proposed to establish. It is necessary to know thermal conductivity coefficient Ȝ of building 
material applied. The article is aimed at monitoring the impact of modification of test procedure of calorimetry on measured value 
of the specific heat capacity c and, then resulting values of thermal conductivity coefficient Ȝ as well. The comparison of test 
procedures is made on three different building materials (sand, crushed aggregate fraction 0/32 mm, or 0/63 mm). 
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1. Introduction 
There have been implemented experimental measurements at the Department of Railway Engineering and Track 
Management (DRETM) of Faculty of Civil Engineering, University of Žilina in Žilina for several years focused on 
verifying thermo-technical properties of materials used in construction layers of subgrade structure. The reasons why 
this issue is dealt with, on the one hand, it is the absence of knowledge of boundary conditions, under which there 
were determined thermal conductivity coefficients Ȝ as specified in [1], and on the other hand, the fact that in the 
connection with the modernization of the railway network in the Slovak Republic there are applied new materials in 
structural layers of subgrade structure whose coefficients of thermal conductivity Ȝ are shown in the proposal 
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methodology for assessing the subgrade structure to the adverse effects of frost. Another reason of verification (for 
standard materials in the past), or determining the thermal conductivity coefficients Ȝ (currently applied to new 
materials) is also necessity to know the relevant values of the thermal conductivity coefficients Ȝ in real moisture 
conditions of subgrade structures of running track for the mathematical modelling of various courses of its climatic 
load (action of frost and impact of snow cover) using SoilVision software. 
There were developed two devices at DRETM for the purpose of experimental measurements, namely, calorimeter 
under the working name KPK and device for measuring the time interval t under the working name ZPK. The 
measurements on the devices mentioned above have been made since 2008. There been tested several building 
materials and soils so far, used in construction layers of subgrade structure, or forming track bed of subgrade structure, 
to confront the measured values of thermal conductivity coefficients Ȝ of concrete building materials and soils with 
the values specified in legislative documents, or determine the values of thermal conductivity coefficients Ȝ for new 
building materials currently applied to the underlying (protective) layer of subgrade structure. The first comparative 
measurement was the verification of the thermal conductivity coefficient Ȝ of silica sand, later, there were determined 
thermo-technical properties of materials built in the experimental stend DRETM I and DRETM II (track ballast 
fraction 32/63 mm, crushed aggregate fraction 0/32 mm and 0/63 mm, sandy soil) and, consequently, sandy gravel 
fraction 0/32 mm, which, is currently not applied to the underlying (protective) layers, but the value of its thermal 
conductivity coefficient Ȝ is based in the proposal of structural thickness of protective layer of subgrade structure in 
the design procedure on the adverse effects of frost according to [1]. Determination of thermo-technical properties of 
building materials contains a complex of laboratory activities, each of which has an impact not only on the accuracy 
of measurement, but also the final value of thermal conductivity coefficient Ȝ. The final value of thermal conductivity 
coefficient Ȝ is dependent on a number of parameters (see Section 2), while the value of specific heat capacity c, which 
is determined using the calorimeter has the greatest impact in measurement procedure. Achieving more accurate 
results of the parameter, as well as facilitation of work procedure of the measurement, there were necessary to do 
several modifications in the procedure for determining the specific thermal capacity c. In order to assess the 
appropriateness of changes applied, measurements were made on three different materials (sand, crushed aggregate 
fraction 0/32 mm and crushed aggregate fraction 0/63 mm) using two test procedures. The whole procedure of 
determining thermal conductivity coefficient Ȝ, as well as characteristics of devices necessary for measurements 
(calorimeter and device for measuring the time interval t) have already been characterized in the article titled 
Contribution to the methodology for determining thermal conductivity coefficient Ȝ of materials applied in railway 
track subgrade published in XXII Russia – Slovakia – Poland Seminary in 2013. There will be characterized only 
procedure measuring specific heat capacity c under the proposed modification of this procedure, its impact on 
measurement accuracy and its overall impact on the results of the thermal conductivity coefficient Ȝ will be assessed 
as well [2]. 
2. Calorimetric material test 
As it was already mentioned in Part 1, in order to measure the specific heat capacity c (J/(kg.K), there was 
constructed calorimeter under working name KPK at DRETM. Determination of specific heat capacity c is necessary 
for the indirect determination of thermal conductivity coefficient Ȝ. The correct determination of parameters of specific 
heat capacity c is dependent on a number of activities implemented within the test procedure.   
2.1 Characteristic of the original procedure of calorimetric test and measurement results 
Implementation of calorimetric test comprises a complex of several activities that can result in the determination 
of parameter of specific heat capacity c. The original calorimetric test procedure included the following activities: 
x modification of test material moisture, weighing and placing the samples in polyethylene foil (600 - 800 g), 
x sample tempering to the desired temperature +20°C ± 2°C (placing into sand layer of given temperature), 
x filling calorimeter with 18 litres of hot water of temperature +40ºC ± 2ºC and its continuous stirring using 
stirrer driven by a motor (temperature stabilization in the calorimeter about 30 - 40 minutes), 
x insertion of test sample in the calorimeter, 
x heat consumption record of the sample at the temperature consumption ongoing between the sample and hot 
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water, 
x determination of the temperatures at the beginning and end of the heat consumption of the sample using 
parallels that are tangents (using Excel software) and calculation of the specific heat capacity of dry material 
c0. 
Using the original procedure of calorimeter test, three different materials were measured fully [3], see Tab. 1 to 3. 
Table 1. Determined values of specific heat capacity c0 of dry sand 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 17.05 40.99 40.77 18.249 0.764 932
2 16.52 41.43 41.19 18.161 0.775 958 
3 18.55 41.12 40.90 18.098 0.789 949 
4 19.21 40.86 40.66 18.126 0.758 937 
5 18.93 41.57 41.35 18.054 0.792 940 
6 18.08 40.15 39.94 18.137 0.768 954 
Average value      945 
Table 2. Determined values of specific heat capacity c0 of dry crushed aggregate fraction 0/32 mm 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 15.80 38.12 37.89 18.304 0.687 1166
2 17.12 39.29 39.05 18.267 0.734 1144 
3 15.65 38.42 38.17 18.395 0.746 1151 
4 17.86 39.13 38.89 18.217 0.756 1157 
5 18.45 39.65 39.41 18.309 0.763 1155 
6 17.05 38.18 37.95 18.128 0.733 1144 
Average value      1153 
Table 3. Determined values of specific heat capacity c0  of dry crushed aggregate fraction 0/63 mm 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 17.75 39.72 39.48 18.259 0.777 1091 
2 18.00 38.59 38.36 18.163 0.783 1101 
3 17.04 39.00 38.76 18.339 0.775 1099 
4 16.50 38.84 38.60 18.332 0.776 1079 
5 16.75 38.66 38.42 18.213 0.780 1087 
6 19.31 39.87 39.65 18.267 0.762 1089 
Average value      1091 
2.2 Characteristic of calorimetric test procedure modified and results of measurements 
Modification of working procedure of calorimetric test consists in adjusting three activities, namely: 
x reducing the amount of hot water filling calorimeter of the original 18 litres to 8 litres of water, 
x modification of hot water temperature from the original 40°C ± 2°C to 50°C ± 2°C, 
x using better (stronger) polyethylene bags intended for freezing (better protection against sample moistening 
during the measurement). 
Using a modified procedure there were measured the same three materials as it was in the case of the original 
measurement procedure provided in Section 2.1 Measurement results are shown in Tab. 4 to 6. 
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Table 4. Determined values of specific heat capacity c0  of dry sand. 
 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 19.72 49.53 48.93 8.059 0.762 918 
2 19.74 49.42 48.78 7.991 0.806 923 
3 19.40 49.18 48.58 8.059 0.762 919 
4 18.80 50.18 49.55 8.031 0.758 917 
5 19.29 49.36 48.76 8.066 0.755 918 
Average value      919 
Table 5. Determined values of specific heat capacity c0  of dry crushed aggregate fraction 0/32 mm. 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 20.20 49.55 48.85 8.003 0.754 1088 
2 19.54 51.26 50.51 8.038 0.753 1091 
3 20.07 49.08 48.41 8.044 0.741 1083 
4 21.01 49.34 48.66 8.044 0.768 1087 
5 18.70 47.46 46.78 8.056 0.756 1089 
Average value      1088 
Table 6. Determined values of specific heat capacity c0 of dry crushed aggregate fraction 0/63 mm. 
 
Measurement number ș (°C) șp (°C) șk (°C) mv (kg) m (kg) c0 (J/(kg.K)) 
1 20.77 49.93 49.24 8.081 0.783 1056 
2 18.05 48.57 47.86 8.046 0.768 1053 
3 18.94 50.69 49.97 8.093 0.755 1050 
4 19.77 48.87 48.18 7.999 0.782 1049 
5 19.90 50.36 49.64 8.045 0.776 1059 
Average value      1053 
3. Analysis of the impact of the modification of test procedure of calorimeter test on the final value of thermal    
conductivity coefficient Ȝ  
The final value of thermal conductivity coefficient Ȝ is dependent on the thickness of sample h, its volume mass ȡ, 
specific heat capacity c and time interval t. Specific heat capacity c has the greatest impact on the final value of 
coefficient of those parameters because its calculation is performed by the indirect method of several parameters (see 
Section 2.1 and 2.2).  
Other parameters, necessary to calculate thermal conductivity coefficient Ȝ, were determined by the same procedure 
as stated in [2].  
The impact of the value of specific heat capacity c on the final value of thermal conductivity coefficient Ȝ is evident 
from Tab. 7 to 9. 
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  Table 7. Determined values of thermal conductivity coefficient Ȝ of sand. 
Original calorimetric test procedure 
Measurement number wm (%) h (m) ȡ (kg/m3) c (J/(kg.K)) t (s) Ȝ (W/(m.K)) 
1 0.00 0.3 1677 945 52230 0.680 ± 0.01 
2 3.73 0.3 1742 1062 29630 1.399 ± 0.01 
3 5.58 0.3 1771 1117 27160 1.632 ± 0.01 
Modified calorimetric test procedure      
1 0.00 0.3 1677 919 52230 0.661 ± 0.01 
2 3.73 0.3 1742 1037 29630 1.366 ± 0.01 
3 5.58 0.3 1771 1092 27160 1.596 ± 0.01 
Table 8. Determined values of thermal conductivity coefficient Ȝ of crushed aggregate fraction 0/32 mm. 
Original calorimetric test procedure 
Measurement number wm (%) h (m) ȡ (kg/m3) c (J/(kg.K)) t (s) Ȝ (W/(m.K)) 
1 0.00 0.3 1928 1153 91430 0.545 ± 0.01 
2 3.67 0.3 1961 1261 46190 1.200 ± 0.01 
3 5.35 0.3 2045 1307 33830 1.771 ± 0.01 
Modified calorimetric test procedure      
1 0.00 0.3 1928 1088 91430 0.514 ± 0.01 
2 3.67 0.3 1961 1198 46190 1.140 ± 0.01 
3 5.35 0.3 2045 1246 33830 1.688 ± 0.01 
Table 9. Determined values of thermal conductivity coefficient Ȝ of crushed aggregate fraction 0/63 mm. 
Original calorimetric test procedure 
Measurement number wm (%) h (m) ȡ (kg/m3) c (J/(kg.K)) t (s) Ȝ (W/(m.K)) 
1 0.00 0.3 2091 1091 82190 0.622 ± 0.01 
2 3.89 0.3 2054 1207 47950 1.159 ± 0.01 
3 5.49 0.3 2129 1252 36820 1.622 ± 0.01 
Modified calorimetric test procedure      
Measurement number wm (%) h (m) ȡ (kg/m3) c (J/(kg.K)) t (s) Ȝ (W/(m.K)) 
1 0.00 0.3 2091 1053 82190 0.600 ± 0.01 
2 3.89 0.3 2054 1170 47950 1.123 ± 0.01 
3 5.49 0.3 2129 1216 36820 1.576 ± 0.01 
4. Conclusions 
Coefficient of thermal conductivity is a physical characteristic that indicates the ability of a substance to conduct 
heat, i.e. it is possible to assess to what extent the specific building material offers resistance to heat flow.  
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As it was already indicated in the previous text, specific heat capacity c has the greatest impact on the accuracy of 
the value of thermal conductivity coefficient Ȝ. Comparing the values given in the tables in Section 3.1 with tables 
given in Section 3.2 shows that the modified test procedure of calorimetry has a positive impact on the determined 
values of specific heat capacity c, as the variance of the measured values is smaller and thus the standard deviation of 
the measurement is smaller.  Since the specific heat capacity c of water (c = 4 190 J/(kg.K)) is about 4 times greater 
than the specific heat capacity c of building materials tested (c = about 1 000 J/(kg.K)), its excessive amount used in 
measuring causes rapid temperature equalization between water and sample of tested building material inserted. 
However, if the amount of water is reduced and the temperature difference between sample and hot water increases, 
the time interval required to balance temperatures also increases, thus simplifying subtraction of necessary 
temperatures to calculate the specific heat capacity c from the chart expressing the course of measurement. Since the 
accuracy of the temperature sensor, used in calorimetry, is about ± 0.1°C, the extension of time to balance temperatures 
increases the accuracy of the entire measurement. It is logical that further reduction in the amount of water in the 
calorimeter would lead to further increased accuracy, but 8 litres of hot water can be regarded as the minimum amount 
that can be used to measurement, since a whole test sample must be entirely immersed into water. Comparing the 
measured values shown in the tables in Section 3.1 (Tab. 1 to 3) and 3.2 (Tab. 4 to 6) shows that the value of specific 
heat capacity c of building materials slightly decreased, resulting in an overall impact on the slight decrease in the 
values of thermal conductivity coefficients Ȝ as shown in the tables in Section 3 (Tab. 7 to 9). 
In order to determine thermo-technical properties of building materials, there is used legislative document in 
Slovakia [5]. To compare and assess the relevance of the measured values with the values in [5], except crushed 
aggregate whose values of thermo-technical properties are not included in the present standard, experimental 
measurements were made on the sand. There are shown values of specific heat capacity c for sand in [5] in the range 
of 910 – 1 180 J/(kg.K) depending on the volume mass. Considering thermal conductivity coefficient Ȝ, there is stated 
value of 2 W/(mK). Determined value of specific heat capacity c suits given interval, thermal conductivity coefficient 
Ȝ is slightly lower, which can be achieved by increasing the moisture of the sample (there is not specified moisture in 
[5], at which the coefficient was specified). The value of [5] can be achieved with the moisture of sample about 7.74%. 
Finally, however, it should be emphasized that the increase of measurement accuracy of determination thermal 
conductivity coefficients Ȝ was not the only reason for the proposed modification of the measurement.  The reason 
was also the effort to reduce time demands of measurement, what was also achieved by reducing the amount of 
prepared hot water, accelerating weighing and easier handling of the samples. 
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